strength in the limbs, contracture, myotonus abnormality, inadequate timing, and decreased amplitude in muscle activation, but they also have defects in the visual, tactual, and proprioceptive senses, as well as in the vestibular systems. These defects cause difficulties in motor control and induce a loss of balance ability in children with cerebral palsy, who maintain posture through anticipatory postural adjustments, reactive postural adjustments (Bax et al., 2007; Bigongiari et al., 2011; Girolami et al., 2011) . The loss of balance ability is a clinically important problem for children with cerebral palsy and it becomes an important factor regarding improving quality of life through daily living activities (Carlberg and Hadders-Algra, 2005; Van Der Heide et al., 2004) . Moreover, balance ability acts as an important factor in relation to motor ability and work performance, which are required of children with cerebral palsy. Moreover, as it is the fundamental element of all motor ability, improvement of balance ability is critical in the treatment of children with cerebral palsy (Ferdjallah et al., 2002; Imms, 2008) .
Previous studies mainly focused on training that improves the balance ability of children with cerebral palsy.
They applied Neurodevelopmental Therapy (NDT), hippotherapy, treadmill training without weight bearing, body trunk muscle strengthening training, reactive balance training using a moving platform, visual feedback training, and others. However, the results were controversial (Shumway-Cook et al., 2003; Butler and Darrah, 2001; Dewar et al., 2015; Lee and Kim, 2011) . Among these training methods, balance training using visual feedback aimed to correct the maintenance of the body on a vertical line, decrease the difference between the left and right body weight loads, and effectively increase the body's stability range (Duarte and Zatsiorsky, 2002; Chen et al., 2002; Ballaz et al., 2014; Sackley and Lincoln, 1997; Lee et al., 2015) . However, these balance-training approaches mainly decrease postural sway on a two-dimensional horizontal plane and they have limitations in balance training on a vertical line, such as sitting and standing, which are critical in daily living movements. Besides, most previous studies involve patients who have suffered a stroke or aged people (Lee, 2013) . As such, research on children with cerebral palsy is scarce as of now.
A three-dimensional balance trainer provides balance training using visual feedback through a monitor. It Adventures of Sinbad were performed each for five minutes, and fruit grabbing was performed for ten minutes to maintain the interest and focus of the children with cerebral palsy. Before starting the game, the difficulty of the game was determined for each subject by evaluating their left-and-right weight distribution and folding and unfolding angles of the knees using the evaluation program.
The difficulty was increased as skill increased.
All evaluations were performed by a physiotherapist who was unaware of the research purpose. The evaluations were conducted before and after the test, and posture sway was measured using 10MWT, Timed Up & Go Test (TUG), and the Good Balance System® to evaluate the functional ability and balance of the subjects. Each measurement was conducted three times and the average value was used.
10MWT is a method that evaluates gait speed in a short period. The starting and ending points of a 14-meter route were marked. To measure the normal gait speeds of the subjects, time taken to walk 10 meters was measured after excluding the initial two-meter acceleration interval and the final two-meter deceleration interval.
TUG is an evaluation method that assesses the balance, movement, and mobility of aged people who have diminished balance ability or disabled children. The test measures the time spent from standing at a signal by a chair with a back and no armrest to walk around an obstacle at a three-meter distance and sit back down as fast as possible. The intra-rater reliability (ICC=.99) and inter-rater reliability (ICC=.98) of the TUG test are reported to be very high (Podsiadlo and Richardson, 1991) .
As for the postural sway of the subjects, it indicates static balance ability, as measured using the Good Balance System®. The subjects were told to comfortably stand on the triangular force platform of the Good Balance System® with their feet shoulder-width apart for 30 seconds while looking at a monitor. For postural sway measurement, the subjects maintained a comfortable upright position when standing and they maintained bare feet for the measurement. 
Ⅲ. Results
In total, 10 children with cerebral palsy were recruited and two among them dropped out due to academic or personal reasons. Only eight children completed their participation in this study (five boys and three girls). The average age of the subjects was 14 (SD 3.11, range 9-18).
As for the types of spasticity of the children with cerebral palsy, four had the hemiplegia type, three had diplegia, and one had quadriplegia. The demographic and clinical characteristics of the participating subjects are summarized in Table 1 . As for the change in measurement values after the six-week intervention, 10MWT showed a decreased result compared to that before the training, but it was not statistically significant (p>.05). On the contrary, TUG and postural sway indicate static balance showed a statistically significant decrease (p<.05) ( Table 2 ).
In a static balance test using the Good Balance System®, the average moving speed statistically significantly decreased in the AP and ML directions (p<.05), and the mean velocity moment also significantly decreased (p<.05) ( Table 2 ).
Ⅳ. Discussion
The purpose of this study was to determine the impact of balance training on a three-dimensional balance trainer that provides visual feedback, as well as of left-and-right and up-and-down movements through knee joint movements on the functions of children with spastic cerebral palsy.
The study results show that TUG, except for 10MWT and static balance in postural sway using the Good Balance System®, showed a statistically significant improvement after the six-week intervention. That is, balance training on the three-dimensional balance trainer induced improvements in dynamic and static balance among the children with cerebral palsy. These results are consistent with the previous study results that reported a significant impact of balance training using visual feedback on balance performance ability (Ledebt et al., 2005; Sihvonen et al., 2004; Walker et al., 2000) . Moreover, it is consistent with Sackley and Lincoln (1997) , who argued that visual feedback training using the proprioceptive sense is effective in improving symmetric posture and sway (Sackley and Lincoln, 1997) . That is, horizontal and vertical movements on a three-dimensional balance trainer simultaneously stimulate the visual, proprioceptive, and vestibular senses, in addition to visual feedback, and this increased sensual integration, which ultimately improved balance ability.
The three-dimensional balance trainer has the features of providing up-and-down vertical movement by moving the knee joint, such as during the sit-to-stand movement.
In these functional activities, including sit-to-stand, children with cerebral palsy have more postural sway than normally developed children (Pavão et al., 2015) . Sit-to-stand training has a positive impact on the improvement of posture control according to postural sway (Ng, 2010) . Cheng et al. (2001) reported that sit-to-stand training applying visual and auditory feedback improved the balance ability of patients who had suffered a stroke (Cheng et al., 2001 ). Ng (2010) reported that sit-to-stand training has a positive impact on balance performance ability. That is, the results of previous studies using sit-to-stand training are consistent with this study. In this study, it is conjectured that the vertical up-and-down movement on the three-dimensional balance trainer made a positive contribution as a closed kinetic chain exercise to joint stability and caused an increase in the strength of the extensor muscles, such as the quadriceps femoris muscles, which are required for the sit-to-stand movement (Iwasaki et al., 2006) . This can be supported by Hu et al. (2013) who proved the effectiveness of sit-to-stand training using a stick to strengthen the extensor muscles of patients who had suffered a stroke. Moreover, Salbach et al. (2004) reported the effectiveness of strengthening the lower limb muscles in improving balance in a study using patients who had suffered a stroke as a sample. Through these previous studies' results, it is conjectured that the enhancement of muscle strength through closed kinetic chain exercises in this study affected the TUG test, including sit-to-stand and static balance in postural sway.
Although the 10MWT results showed diminished time in this study, there was no statistically significant difference. It is conjectured that the intervention period was not long enough for a statistically significant impact on walking, as the abnormal walking posture of the subject group was fixated, as they were the children with cerebral palsy of school age. In a previous study, biofeedback balance training also did not show a significant improvement in walking ability (Barclay-Goddard et al., 2005) . We believe that a chronic subject group will require interventions that are more diverse and a longer period to improve their walking ability.
Moreover, the three-dimensional balance trainer is capable of motivating subjects for active movement through diverse games as they move COG left-and-right and up-and-down within BOS. This is consistent with the study results that reported that intervention methods that induce active movement of COG within BOS through motivation induction, such as training devices using games, are effective in improving balance ability (Jelsma et al., 2013) .
As such, this study confirmed that applying balance training using the three-dimensional balance trainer, with the features of visual feedback and up-and-down knee joint movement, to children with cerebral palsy has effects on increasing dynamic and static balance, except for gait speed.
Previous studies also supported these results. It is conjectured that the three-dimensional balance trainer caused a positive impact on dynamic and static balance ability by integrating the diverse senses through visual feedback, strengthening the extensor muscles through up-and-down movements centered at the knee joint, and active COG movements within the BOS through motivation induction among the subjects.
The interpretation of this study results has several limitations. First, future studies will be required that use a larger sample, as it is difficult to generalize the effects of the three-dimensional balance trainer for children with cerebral palsy, as the study subjects included only eight children with cerebral palsy. Second, whether the test accurately measured walking performance ability is unclear due to the emphasis on the fragmentary part of the walking function, as the study suggested 10MWT, which measures time only in the walking function. Third, we could not verify the continuity of the training effects in the long term, as the study did not conduct follow-up after the training term. Finally, the cause of contamination could not be fully removed, as the test was designed without a control group for the removal of variables according to time change. Hence, further studies will have to continue to address the suggested limitations so the effects of the three-dimensional balance trainer for children with cerebral palsy can be more accurately explained.
Ⅴ. Conclusion
The balance ability of the spastic cerebral palsy participants after balance training using a three-dimensional balance trainerwere improved.
This indicates that balance training using the three-dimensional balance trainer, with the features of visual feedback and up-and-down knee joint movement effects on increasing dynamic and static balance.
